One difficulty with spacetime theories is the absence of falsifications tests. Because the observer is part of quantum mechanics (QM) and therefore an obligatory part of cosmological theories that incorporate QM, the neurological sciences have a legitimate role. We examined six different QM based cosmological theories. They make implications about various aspects of the flow of time (FOT)--the past/present/future experience including subjective dynamism). First, a distinction is made between the FOT and the physical passage of time (POT), the occurrence of a new physical event at the periphery of an expanding universe. Four theories suggesting a real POT are the Evolving Block Universe, the Spacetime Dynamics Theory, Causal Set Cosmology; and Muller's cosmology. However, they retain the past/present components of the Block Universe and imply that the upper level FOT (the experience that the 'present' is unique) is illusory. A falsification experiment is proposed utilizing Hartle's proposed Information and Gathering and Utilizing Systems (IGUSs), which have different experiences of the 'present'. A virtual reality IGUS which can experientially navigate between past and present is suggested. It could confirm their implication that the experience of past/present events is not unique (i.e., it is a variable cognition). Barbour's timeless theory involves relative configuration spaces which contain enough information to provide an illusory dynamic scene. That experience of dynamism within that scene is said to be an illusion. A second falsification experiment is proposed to remove dynamism suggesting it is an irrelevant experience. It involves intermittent stimulation of the newly discovered consciousness center (the claustrum) to create brief intervals of unconsciousness. Doing this precludes the recently discovered 'happening' percept which can account for the entirely of dynamism (the lower level FOT). The negative implication for Temporal Naturalism in the Cosmological Natural Selection theory is briefly discussed.
Introduction
Falsification tests for spacetime cosmology are few because of the difficulty of obtaining observational results. To his credit, Smolin (2004) provided a falsification test for his Cosmological Natural Selection (CNS) Theory. Muller (2016) also took a stance and predicted that LIGO data would support his own particular 'now' cosmological theory. To be of some help Capozziello et al.,(2016) suggested a technique to evaluate several cosmological models thereby minimizing the need for observational tests. However, because the brainas-observer is a part of quantum mechanics (QM) and therefore a component of cosmological theories that incorporate QM, the neurological sciences have something to offer. Stapp (2011) delineated how the brain (if it is a quantum observer) is especially part of the QM framework for cosmology. The nature of the brain as quantum observer was expanded upon by Hameroff and Penrose (2014) . They proposed a scheme describing observer systems (human brains) such that the conscious activities of the human brain contain a noncomputable and nonalgorithmic process; and a candidate for such a process is the collapse of a superposition of wave functions. They associated the location of the state reduction, which is recognized as a conscious activity, with microtubules in the brain. The only actual attempt to suggest a role for psychology in cosmology was made by Pas (2016) when probing the many worlds theory.
We review several cosmological theories that have made notable implications regarding neuropsychological phenomena, the flow of time (FOT) - (Rickles and Kon, 2014; Davies, 2002; Gruber, 2008) . We describe the theories briefly, particularly with reference to the observer. Most of these theories imply that one or more aspects of the FOT are an illusion. One suggests otherwise. We propose falsification experiments designed to preclude or alter the FOT phenomenon. If that can be done without affecting cerebral function it is reasonable to conclude that the FOT experience is illusory, a variable cognition or at least irrelevant.
Classically, there are three components to the flow of time: an objective 'present', an objective direction, and an objective 'dynamism' (Price, 1996) . To be clear about what is meant by the FOT we first deconstructed that expression (Ruhnau, 1997) and suggested thinking of it in terms of the flow of events (Gibson, 1975; Park, 1999) . Williams (1951) may have been the first to suggest that we do not experience time per se but rather events. We then considered only two of the three FOT components (Gruber et al., 2015) both of which are involved in the cosmological theories to be discussed. There is a lower level FOT-a perceptual dynamic flux such as motion. It also involves a newly discovered percept, 'happening', which is an illusory-like dynamic experience associated with other visual perception, e.g. color change, and non-visual perception (e.g., auditory changes; Gruber and Block, 2017) . There is also an upper level FOT. It involves a cognitive view of past/present/future in which events disappear from the present into the past and that the observer believes he moves from one to the other ('moves through time'). For a general review of the FOT including the many theories that have attempted to understand it see Carroll (2016) . Second, a clear distinction is made between the experiential FOT and the physical passage of time (POT), the alleged occurrence of a new event at the periphery of an expanding universe. FOT and POT have been terribly conflated.
The Upper Level FOT in Four Cosmological Theories Evolving Block Universe
Several spacetime cosmological theories today are, in fact, timeless in which time is a derived (emergent) entity. Rovelli (2018) provides a clear and concise essay as to why that needs to be the case. In the case of Ellis' Evolving Block Universe (EBU) theory (2014) the Einstein Block view is said to be an unrealistic picture because it does not take QM or biology seriously. However, the 'past' and 'present' of the Einstein block universe is said to still apply. As for the future, a definite spacetime structure comes into being as the universe and time evolve. Also, the future is unknown and unpredictable before it is determined. As time progresses, physical events take place and history is shaped. This is represented through a growing spacetime diagram (Figure 1) , in which the past is represented as the usual block universe, but now existing only from the start of space time up to the ever-changing surface representing the present. As time passes, the future boundary of spacetime extends to include major events; the initial boundary (the start of the universe) is fixed and unchanging. This extension takes place along preferred time-like world lines. We should distinguish the process Ellis describes from that aspect of cosmological expansion Price and Romano (2012) refer to in which bound systems expand in an all-or-nothing manner. The EBU theory suggests no major astronomical falsification tests. However, Ellis does refer to a few experiments, e.g., delayed choice, that underlie his crystallizing version of the EBU (Ellis and Rothman, 2010) . It also suggests that the 'passage of time' (POT; i.e., his 'becoming' or 'happening' part of the universe is real). To be clear, Ellis' 'happening' is not the same as the newly described percept of 'happening' in the lower level FOT, which has been demonstrated to be an illusory (more accurately a perceptual add-on) percept between discretely perceived events. Ellis' 'happening' is the experience associated with the instantaneous event itself at the perimeter of the expanding universe. We do not argue that it is real; it most certainly is. However, because the EBU considers the past to be 'there' (much like the Block Universe) with an experiential disappearance of present events into the past and an experiential 'present' that may not be unique, it does imply that the upper level FOT is an illusory percept or false cognition. Thus, it is possible for the POT to be real, and the upper level FOT to not be physically real because the two phenomena are different.
Spacetime Dynamics Theory
In his Spacetime Dynamics Theory (SDT), Elitzur (1992; see also Elitzur and Dolev, 2005) suggested that an expanding universe creates space-time with its world lines that exist in the past, but not in the future. However, Sider (2001) referred to this as the Growing Block Universe. Elitzur chose to preserve the essential elements of relativity theory, and to use the concept of 'now' (that others might call a moment, an event, or a change) as a key to a better understanding of physical reality. In his opinion, spacetime itself is subject to evolution. In the Einstein-Minkowski spacetime, all events -past, present and future -have the same degree of existence. But in the SDT the future does not exist (yet). He borrows one principle from Mach (1960) , namely, that space and time are inconceivable in the absence of events. The logical consequence of his 'becoming' of these 'now's is the assumption that one cannot conceive of new events being added to some empty spacetime in the future. Rather, spacetime itself must be 'growing' in the future direction, alongside with the growth of the world-lines and the creation of new events. More specifically, any moment in time which an observer perceives as 'now' is simply the edge of time. Then, as the 'now' advances, a new spacetime zone is formed around the events created by this interaction, elongating the interacting bodies' world-lines and determining the spatiotemporal relations between them. Figure 2 contrasts the SDT with the Block Universe. Elitzur acknowledges that the SDT suggests no falsification tests. However, because it retains the 'past' and 'present' component of the Block Universe it predicts the same as Ellis regarding the illusory or false cognition nature of the upper level FOT that events seem to disappear causing the observer to believe he is 'moving through time.' In addition, it also implies that the experiential 'present' is not necessarily unique since it is not synonymous with the physical 'now'. To be clear, the SDT also suggests that the POT (but not necessarily the FOT) is physically real.
Causal Set Theory in cosmology
The Causal Set Theory (CST), based upon a suggested growth of spacetime atoms, is a nonphysical mathematical construct. Dowker (2014, p.22) says it 'breathes life' into the block universe by providing the physical occurrence of an event. The occurrence of that event can be thought of as an instantaneous 'now' at the periphery of the evolving universe. It is also referred to as the passage of time (POT). The CST 'now' is described as an experiential 'now' and said to be real (fundamental). Each spacetime atom is born and it is its birth rather than its being that corresponds to the local, present moment. For Dowker, being is a property of the past, and once an atom has been born it is part of the past. Moreover, Sorkin (2007) points out that our conscious experience is of a localized present moment, and we can correlate our experience with this birth of new spacetime atoms. To be clear, the CST suggests that the occurrence of an event is not the event itself. It is helpful to think of the description of an event in the Block Universe past as corresponding to an event having happened. A future event in it is an event that will have happened, not will happen (Dowker, 2014) .
According to CST what is missing from the Block Universe is the occurrence of the event. In it nothing correlates with 'the event happens.' On the other hand, the birth process (according to CST) provides the 'breath of life' in the static Block Universe. As is the case with the prior two theories, it does imply that the upper level FOT must be illusory or a false cognition. Muller's (2016) 'now' spacetime cosmological theory involves a '4D model of progressing time,' i.e., space and time are continually created and 'real'. It is motivated by the standard FriedmanLemaître-Robertson-Walker (FLRW) approach in which the universe is modeled by a homogeneous and isotropic distribution of galaxies with fixed coordinates, and the Hubble expansion is described by a changing metric. In the FLRW metric, new space is being continually created between the galaxies, and that is what gives rise to the observed redshifts. Muller postulates that the increase in space is accompanied by an increase in time, by the creation of new moments of time -'now's. The expansion of the universe is slowed by mutual gravitational attraction and accelerated by dark energy. He expects that any change in the amount of local space will result in a corresponding change in the local time. An increase in the spatial components of the metric tensor will be accompanied by an increase in the value of the time component of the metric tensor.
A 'now' cosmology
Phenomenologically, the result is an increase number of events ('now's). Muller and Maguire (2016) proposed three falsifiable physical tests one of which is a predicted lag in the emergence of gravitational radiation when two black holes merge. In such mergers a macroscopic volume (millions of cubic kilometers) of space is created in the region in which the gravitational wave is generated. Since the Schwarzschild Metric is a simple solution (Gruber et al., 1988 ) of Einstein's field equations it is an easy tool to test Muller's 'now' theory. This one-time creation of new space should be accompanied by the creation of detectable levels of new time (~ 0.001 sec). In the realm of neuropsychology his 'now' theory implies that the upper level FOT is an illusory percept or false cognition because his theory does admit to the existence of past events, the apparent disappearance of events into the past with an unnecessary lack of uniqueness of the 'present'.
Falsification Exp. 1
We looked to the proposed experiments of Hartle (2005) in his analysis of the physics of 'now.' They are based upon his premise that the past, present and future are not properties of four-dimensional spacetime, but are instead notions describing how individual information gathering and utilizing systems (IGUSs) process information. It is interesting to note that the processing of information itself is influenced by the type of cosmology e.g. open vs. closed (Gruber et al., 2000) . However, the resultant effect is not on the physical 'now' but rather on subjective time itself (i.e., the experiential 'present'. To be clear, the Hartle analysis of the problem avoids discussing the 'now' in terms of consciousness, 'reality' or 'perception of time' as is ordinarily done. Instead, the approach is to analyze physical events of the 'now' (by third person observation) in terms of the associated past/present/future experiential phenomenon -the 'present'. In Hartle's IGUS approach the robot (Figure 3 ) captures an image of its external environment at every proper time interval t.* The captured image is stored in register P0 which constitutes the robot's present. Just before the next capture the image in P3 is erased and images in P0, P1, and P2 are shifted to the right making room for the new image in P0. The registers P1, P2, and P3 therefore constitute the robot's memory of the past. At each capture, the robot forgets the image in register P3. The robot uses the images in P0, P1, P2, and P3 in two processes of computation: C ~conscious (loosely speaking as Hartle likes to refer to it) and U ~unconscious. The process U uses the data in all registers to update a simplified model or schema of the external environment. That is used by C together with the most recently acquired data in P0 to make predictions about its environment to the future of the data in P0, make decisions, and direct behavior. The robot may therefore be said to experience through C, the present in P0, predict the future, and remember the past in P1, P2, and P3. Perhaps the easiest way of convincing oneself that the notions of past, present, and future do not follow from the laws of physics is to imagine constructing different robots that process information differently from one another. One of Hartle's three examples is the split screen (SS) robot. That robot has input to C computation from both the most recently acquired data in P0 and from that in another register Pj that was obtained a proper time ts = Jt* previously along its world line. Therefore, there is input to C computation from two slightly separate times. This suggests that the robot's behavior will reflect the result of two sets of information that are temporally separated but only slightly. The SS robot's present experience, it's 'now' (more accurately its 'present' moment) would consist of two times (P0, Pj), equally vivid and immediate, i.e. two 'presents.' It would remember the intermediate times (P1, …, Pj-1), and the past (Pj+1, … Pn) through the U process of computation.
Hartle suggested that the notion of what the 'present' would be for this SS robot could be had for a human by spending time in a virtual reality suit in which the data displayed was on an actual split screen. The result would be a different perception of the physical 'now' by being able to experience the 'present' and recent past simultaneously. We attempted to construct an SS virtual reality robot but found that the observer did not experience two simultaneous 'presents.' In hindsight that is because virtual reality requires complete immersion which is impossible with a split screen. We now suggest a modified SS robot (an alternating screen [AS] robot) in which the observer is permitted to alternate between past and 'present' screens ad libitum. By being able to oscillate between equally realistic time epochs (not just seeing a vivid replay or memory) she is experiencing a different FOT (upper level). Furthermore, there is little doubt that such a 'human IGUS' can be constructed because recently it was demonstrated that a VR suit enabled an observer to experience past events in a completely realistic manner in a fabricated 'past scene.' (Friedman et al., 2014) . In fact, the observer was able to return to the scene of the 'past' on multiple occasions and had the completely realistic impression that he was 'there' looking at himself.
The profundity of Hartle's hypothesis is that the 'objective present' is really a variable 'subjective present.' The past/present/future is said to be a mind-dependent phenomenon. Our hypothesis suggests that the AS robot, unlike the ideal, human IGUS robot will experience two 'presents' -one when she is in the most recent 'now' and one when she chooses to experience the 'past. Because the differing views of differing IGUSs are not in conflict with Minkowski spacetime, their experience of the 'present' is more like a variable cognition than an illusion as defined. Barbour's timeless cosmology (1997; Barbour et al., 2014) is more extreme than the others because, in part, it does not adhere to either the future or the past component of the traditional Block Universe. Specifically, the timeless WheelerDeWitt equation,
The Lower Level FOT in a Timeless Cosmology
(1) describes a static situation: the 'wave function of the universe'. There is no evolution in time, and no metric of time; however, time emerges from the dynamics. The Wheeler-DeWitt equation of canonical quantum gravity is said to be a time independent Schrödinger equation for one fixed energy, the solution of which gives relative probabilities for each possible static relative configuration space (RCS) of the complete universe. Each configuration is associated with an instant of experienced time. However, these instants exist and are not embedded with a time metric or matrix. Each 'snapshot' upon quantum wave reduction provides information about the event at that moment, and memories of prior snapshots that provide a direction to the 'now's (to the succession of snapshots). To be clear, Barbour's 'now's are physical but immediately experiential. When needed, the conventional notion of Newtonian time can be recovered from this timeless picture and written as:
Barbour then assumes that in any experienced instant the atoms in the brain are in some definite configuration, including memory. These static configurations are in effect 'time capsules.' Thus, in the timeless view of things, there is no creation of the universe in the past. Instead there is a competition in timelessness between all possible RCSs the universe could have.
The experiential now is simply a presentation of information encoded in the timecapsule configuration. It is a "completely selfcontained phenomenon and … does not depend upon whether or not other configurations were created in some distant past" (Barbour, 1997, p. 214) . In simplistic terms, Barbour suggests that the brain at any instant contains several stills of a movie. In that collection of 'stills' the brain 'plays the movie for the observer.' Each instantaneous brain pattern contains information about several successive positions of the object that is perceived as moving. Motion, and by extension the entire lower level FOT (dynamism) is thus considered to be an illusion.
Falsification Exp. 2
To be convinced that the lower level FOT is illusory, one should demonstrate that it can be precluded such that the observer can experience the environment without it. Because evidence is strong that visual perception is discrete at 10-13 Hz (VanRullen et al., 2014) and some evidence that all perception is discrete (VanRullen and Koch, 2003 ) the brain needs to fill the gap by 'perpetual completion' (Pessoa and DeWeerd, 2003) . This would include percepts such as motion (Koch, 2004, p. 264 ) and a recently described illusory percept (more accurately, a perceptual completion) of 'happening' which occurs for non-motion visual perception and nonvisual (e.g., auditory) perception (Gruber and Block, 2017; Block and Gruber, 2014) . Although 'happening' can account for the 'dynamism' of the FOT it is not necessarily an illusion. The best definition of an illusion is a percept that is contradicted by incontrovertible principles of physics. It is somewhat of an irrelevant percept (one that provides no factual information) and, therefore, it is technically a perceptual or cognitive 'add-on,' (Foundalis, 2008) .
These perceptual completions are typically postdictive (Pessoa and DeWeerd, 2003) and best exemplified by the 'color phi' phenomenon in which a red circle appears on the left side of a screen disappears, and then, a fraction of a second later, a green circle appears on the right side. An observer consciously (experientially) "sees" a red circle moving continuously from left to right, changing to green half way across. According to some of the classical neurophysiological mechanisms the brain constructs or fills in the movement and transition after the fact and inserts a constructed perception into memory. Real-time perception is said not to be conscious.
However, in a 'Quantum Explanation', temporal non-locality and backward time referral allow real-time, veridical conscious perception (Hameroff, 2012) . See Figure 4 .
Irrespective of the mechanism of postdictive perceptual completion, these illusorytype percepts are not evoked by the brain during prolonged interstimulus intervals (ISI) (Gruber and Block, 2017) . For example, the 'happening' percept is usually not evoked when the ISI exceeds 3 seconds. This allows a means by which the lower level FOT can be precluded -by exposing the observer to discrete events involving prolonged ISIs. However, there are other perceptual phenomena such as the pressure from sitting, respiratory movement and verbal thinking that undoubtedly involve the 'happening' percept during the intervals between discrete perception (internal or external).
Therefore, consciousness itself would need to be periodically interrupted in order to preclude all 'happening' (all dynamism). Coincidentally, Koubeissi et al., (2014) recently discovered that electrical stimulation of deeply implanted electrodes near the claustrum of an epilepsy patient (to remove seizures) results in a brief state of unconsciousness. Years earlier, Crick and Koch (2005) had predicted that the claustrum is the so-called on-off switch for consciousness. The claustrum is near the insula deep in the temporal cortex at a level near the top of the ear. Stimulation in this patient resulted in immediate brief loss of consciousness in10 out of 10 times, with cessation of reading, a sudden blank staring, and unresponsiveness to visual or auditory commands. When stimulation at 14 mA was applied, the alteration of awareness occurred suddenly, within the first second. The patient returned to baseline as soon as the stimulation ceased, with no recollection of the events for the stimulation period. Theoretically, intermittent claustrum stimulation appears to be an extraordinary method for our falsification experiment. To remove the percepts of illusory perceptual completion, we first need to calculate the approximate ISI at which percepts such as motion or 'happening' are no longer be evoked for any particular volunteer. As said, this duration is typically 3 sec. That would be the claustrum off time. The claustrum on time should be brief but needs to be the minimum required for appreciation of language (two adjacent words). A stimulus on time duration of about 500 msec is necessary for speech to be intelligible.
What should we expect the claustrum volunteer to experience? It is nothing she or any human brain has experienced before. If she is shown a video of a river, we expect her to be able to report details of the change in location of the ripples. She will be able to provide 'information' about what transpired in the scene. However, we also expect her to deny experiencing 'flow' or motion. She will claim that the scene was static and that she did not see anything happening. Moreover, the experience is not like a rapid slide show of a river where there is an absence of 'flow' for the river in individual slides but there is a dynamic flux for the intervals between slides (an experience of 'happening' from other stimuli, e.g. sounds, internal verbalization, respiration. In the claustrum situation, by contrast, there are no perceived intervals between individual images of the river because there are no recorded events during those intervals.
It is a world of 'information-only' without the aesthetic pleasures (from illusory perceptual completion) of the lower level FOT.
Unfortunately, for our hypothetical experiment, the electrodes have been removed from the patient. It may be some time before this fortuitous neurological situation is seen again. Smolin (2015;  see also Unger and Smolin, 2010) provides a Cosmological Natural Selection (CNS) theory that is based upon Temporal Naturalism which has three theses: a) time, which is one of a succession of moments, is 'real;' b) there is an evolution of laws with respect to that time and c) there is a single causally closed universe that unfolds in time. Moreover, "…the past is not real; …(it) is different from the future because it has been real" (Unger and Smolin, 2010, p. 416) . They both argue that their cosmological theory offers testable explanations such as constants changing with time. That notion is not new as Dirac (1979) proposed, for entirely different reasons, that the constants such as G and particle masses change with time. Others have concurred with that possibility (Gruber and Brahm, 2003; Uzan, 2011) .
Temporal naturalism of the Cosmological Natural Selection theory
According to CNS theory, black holes may be mechanisms of universe reproduction within the multiverse, an extended cosmological environment in which universes grow, die, and reproduce. Rather than a 'dead' singularity at the center of black holes, a point where relativity theory breaks down, what occurs in Smolin's theory is a 'bounce' that produces a new universe with parameters stochastically different. Smolin theorizes that these descendant universes will be likely to have similar fundamental physical parameters to the parent universe, and perhaps the laws that derive from them, may be slightly altered during the replication process. The CNS theory makes a few falsifiable predictions. One is that neutron stars can be no heavier than twice the solar mass (Smolin, 2004) . Important for our purposes is that their theory also implies that the experiential phenomenon of the lower level FOT (including motion) is 'real ' (personal communication, 2016) . Whereas the second falsification test is not specifically intended for Temporal Naturalism, a result that favors timeless theories would leave us wondering about the validity of Temporal Naturalism and CNS. In short, with regard to the lower level FOT (dynamism), the Smolin and Barbour views are in complete contradiction to each other.
Our second falsification test will help distinguish which view is more appropriate.
